Effect of salinity on food consumption and growth of juvenile

Nile tilapia (Oreochromi niloticus L.) by Ali, M.S. et al.
Bangladesh]. Fish. Res.,8(2), 2004: 117-126 ©BFRI 
Effect of salinity on food consumption and growth of juvenile 
Nile tilapia (Oreochromi~niloticusL.) 
M.S. Ali *1, S.M. Stead and D.F. Houlihan 
Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24 2TZ,Scotland, UK 
*Corresponding author: Present address: Bangladesh Fisheries Research Institute 
Freshwater Station, Mymensingh 2201, Bangladesh 
Abstract 
The effect of salinity (0, lO and 20%o, water temperature 28 ± l oC) on food consumption 
and growth of juvenile Nile tilapia, Oreochromis niloticus L. (9.94 ± 0.15 g) were 
investigated by feeding group of 20 fish at 2% body weight day·1• Individual food 
consumption was measured using X-radiography. There were no significant differences 
in growth or white muscle protein concenrrarions among groups. During feed 
deprivation, weight loss was similar for fish held at O%o and 10 %o salinity, but after 7 
days over 50% of the fish maintained at 20%o salinity developed lesions covering 5-25% 
of the body. No significant relationships were observed between individual specific 
growth rates and food consumption rates within the groups. The fish in aU salinity 
groups showed a negative correlation between specific growth rate and food conversion 
ratio. The coefficient of variation for wet weight specific food consumption and the mean 
share of meal for each fish were used as a measure of social hierarchy strength. A negative 
correlation was observed between coefficient of variation in food consumption and mean 
share of meal. The social hierarchy structure was similar in aU salinities; 25% of the fish 
were dominant (18.29% above an equal share of meal) and 30% were subordinate (16.19% 
below an equal share of meal) and the remainder 45% fish fed theoretical share of meal 
(MSM, 5.26%). 
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Introduction 
Some tilapias are eurythermal and euryhaline (Stauffer et al 1984, Suresh and Lin 1992, 
Likongwe et al. 1996, Stickney, 1986). Increased growth with increasing salinity up to 
the maximum level that can be tolerated by a particular species has been observed 
amongst many species of fish (De Silva and Perera 1976). The effect of salinity on 
growth is influenced by temperature and is species specific (Stauffer et al 1984). 
Likongwe et al. (1996) found that 0. niloticus grew better at 28-32°C than 24°C when 
reared at 12%o salinity. Increased growth with increasing salinity has been attributed to 
an increase in food consumption and lowered food conversion ratios in the mullet (De 
Silva and Perera 1976) and European bass (Dendrinos and Thorpe 1985). Jurss et al. 
(1984) attributed the better growth of 0. mossambicusat 10 and 33 %o than at 0 %o lower 
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food conversion ratios. The effect of salinity on food consumption and growth of tilapias 
has been studied in relatively few species and in those studies conducted food 
consumption was not measured accurately and/or for individual fish. Hence, the 
relationship between food consumption and growth is poorly understood. For most 
species, optimal ranges of salinities for growth have been inferred from data on natural 
distribution or fragmentary experimental evidence. 
The main aim of the present study is to investigate the effect of salinity on growth 
and food consumption relationships of individual 0. niloticus held in groups. When 
individual food consumption rates are known it is possible w examine the feeding 
behaviour of fish and to compare the nutritional status of an individual fish with its 
physiological performance (McCarthy et al 1993, Cater et al 1995). Also, studying white 
musde protein concentrations give more detail on protein growth, which provides a 
better understanding of the relationships between this parameter with growth 
performance and food conversion efficiency compared to using live wet weights only. 
X-radiography is a valuable technique that provides direct quantitative 
measurements of food consumption for individual fish (Talbot and Higgins 1983). In 
recent years, X-radiography has been used to measure food consumption rates of 
individual fish under a variety of experimental conditions (Carteret al. 1992, Stead et al. 
1999, Jobling et al. 1989). This technique is a relatively simple, which may be applied to 
studies in which knowledge of individual feed intake is required. Hence, the aims of this 
study were: (i) to identify the optimum salinity for better growth performance of 0. 
niloticus and (ii) to compare the interrelationships between individual estimates for food 
consumption, growth rate and white musde protein concentration of 0. niloticus under 
different salinities. 
Materials and methods 
Fish husbandry 
Juvenile Nile tilapia Oreochromis niloticus (= 450 fish, 7-8 g) were held in fresh 
water in a 150L stock tank at 28±1 oc prior to the start of the experiment. The fish were 
hand-fed a commercial pellet (45% protein, oil18%, ash 8.5%, fibre 2%; "Ewos" fish food 
company, UK) offered once (9.00- 9.30h) at 2% body weight (bw)/day. 
After 15 days acclimation, fish (9.94 ± 0.15g) were anaesthetised ( 4% Benzocaine in 
ethanol, 0.15 gil), blotted dry freeze branded with a unique set of marks using liquid 
nitrogen. They were then distributed among six glass tanks (size 60x37x29.5cm, 65.5L) 
with a water volume of 60L. Water temperature 28.3 ± 0.5°C, oxygen was maintained at 
5.3±0.7 mg/ and photoperiod was 18L: 6D. Three salinity treatments with two replicates 
for each salinity T 1 (freshwater 0%o), T 2 (10%o) and T 3 (20%o) were maintained by 
adding Artificial Sea water mixture to recirculated, filtered aerated fresh water. Salinity 
was measured daily using a Refractometer (HANNA). Salinities were in T 1 (0%o), T 2 
(10.2±0.5%o) and T 3 (20.3±0.6%o). 
After stocking the experimental tanks, fish were acclimated for 7 days and fed at 2% 
body weight ration once a day. The salinity in T 2 (10%o) and T 3 (20%o) were adjusted by 
118 
Effect of salinity on food consumption and growth of juvenile Nile tilapia 
gradually increasing (2%o day-1) the amount of crude salt added to achieve the required 
rate of increase in salinity. After the required salinities, 10%o and 20%o were reached 
within 5 (for 10%o) and 10 (20%o) days, then the fish were allowed to acclimatize to their 
new salinities for up to 10 days before measurements of individual food consumption 
and growth were made. AU the fish were fed the previously described feed (normal 
pellets reconstituted in the same manner and part of feed used to make ballotini labelled 
feed) at the rate of 2% body weight ration once a day. Faeces and un-eaten feed were 
removed daily from the tanks and 30% of water was exchanged and water lost in this 
process was replaced by freshwater from a holding tank (0, 10 and 20%o) sterilised with 
an UV-light. 
Preparation of repelleted diets 
For the measurement of individual food consumption, the normal feed was replaced 
by feed containing radio-opaque ballotini (size 30, 0.40 - 0.60 mm, British Optical Ltd., 
Walsall). The marked feed was prepared by grinding the normal feed, and ballotini (2.5% 
of the food wet weight) and water (15% of the food wet weight) were added. The feed was 
then mixed for three hours and repelleted using a California Pellet Mill (peUet size was 2 
mm) and dried overnight 70°C and stored at ooc until required. Dry weight of the 
experimental feed was measured following the usual procedures described by AOAC 
(1983). 
To calculate the relationship between the amount of food consumed by each fish and 
the number of ballotini present in the digestive tract of each fish, a calibration line was 
calculated for the marked feed before the experiment commenced. This was carried out 
by X-raying known weights of food (0.025 - 2.701 g) and counting the number of 
ballotini (X-ray negative) contained. A regression line was then constructed relating the 
number of baUotini to a weight of food ( Y = O.Ol38X - 0.039, n = 38, R2 = 0.99; P < 
0.05). The diet calibration curve was constructed and the high correlation of the 
regression line suggested the uniformity of the labelling of the feed with baHotini. 
Measurements of individual food consumption 
Individual food consumption was measured using a modified version of the X-
radiography technique described by Talbot & Higgins, (1983). Food consumption was 
measured on 31 July, 14 August and 28 August 2001. Fish were fed the marked feed, and 
one hour after feeding the fish were anaesthetised and X-rayed, in groups of 10 using a 
portable X-ray machine (Todd Research 80/20 Portable X-Ray Unit, 20 rnA, 80 Kv, 1.5 
sec. exposure; Kodak Industrex CX film). Total length and weight of each fish were 
recorded and, if necessary, fish were remarked and returned to their respective tanks. 
Individual food consumption was measured by using formula used by Stead et al (1999) 
and also described in next data treatment section of this paper. 
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Starvation experiment 
A starvation experiment was conducted over 7 days using three groups of fish (8.36 ± 
0.10 em and 9.80 ± 0.24 g, n = 20) maintained at 0%o, 10%o and 20%o salinity) in tanks 
as previously described. After 7 days fish were anaesthetised, length and weight were 
recorded and fish were kiUed. 
Measurement of protein content 
At the end of the feeding experiment, protein concentration of white muscle in each 
fish was measured. After 15 days from the last X-ray, all the fish from each tank were 
anaesthetised using benzocaine and weight and length recorded. A sample of white 
muscle(= 120-150 mg) was taken from 10 fish (5 dominant and 5 subordinate, according 
to their ranking position measured by mean share of meal) from each tank and 
immediately frozen in liquid nitrogen and then stored at -20°C until analysed for protein 
concentration. Protein concentration in white muscle was determined according to the 
method of Lowry et al. 1951. 
Treatment of data and statistical analysis 
The wet weight specific growth rates, SGR (%body weight day-1) for individual fish 
were calculated followed the equation of Ricker (1979). Food consumption, FC (mg dry 
weight food) for individual fish was determined using the following equation: FC (mg 
dry weight of food) = GB * X; where, GB is the number of glass beads observed in each 
fish based on one X-ray measurement and X is the milligrams of dry food corresponding 
to one glass bead from the calibration curve. The variability in daily feeding of each fish 
was determined using the coefficient of variation, CVc (McCarthy et al. 1992). 
The share of meal, SM (%) was defined as the proportion of the total food consumed 
by all fish in a tank that was eaten by an individual fish and calculated as SM (%) = AC/ 
IAC X 100; where, AC is the absolute daily food consumption rate (wet weight mg day· 
1) of an individual fish and I,AC is the sum of the absolute daily food consumption rates 
for all fish in a group. As repeat measurements of consumption were made in this study, 
the mean share of the group meal (MSM, %) for each fish over the experiment was 
calculated. The mean share of the meal shows the inter-individual variation in 
consumption and was used as a measure of dominance and assign social rank to 
individual fish. The mean share of the meal, MSM (%) was then calculated for each 
individual fish as MSM (%) = ISM In; where, is the sum of all the shares of the meal 
for an individual fish and n is the number of estimates (based on 3 X-ray measurements) 
for the SM for each individual fish. MSM was used as an indicator of the feeding rank of 
each individual fish. The food conversion ratio, FCR (mg dry weight of food .g-1 wet 
weight offish) was calculated as described by Stead et al., (1999). 
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Statistical analysis 
ANOVA was used to examine differences within and between treatments (salinity). 
Where ANOVA indicated significant differences among groups, Scheffe's multiple range test 
was used 1:0 locate the means that were significantly different from each other (Zar 1984). 
Pearson's product moment correlation was used to investigate the relationships between 
individual specific growth rates, food consumption rates, food conversion ratios, coefficient of 
variation and mean share of the meal. AU statistical analysis was carried out using SPSS 9.0 
statistical package. 
Results 
No significant differences were found in group consumption rates when the fish were fed 
the daily diets (extruded form) and the re-pelleted diets that were fed to the fish on each X 
ray occasion (data not shown). From the three X-ray occasions an average of91.94 ± 1.34% of 
group meals was accounted for from the X ray data. The X-radiography technique has 
previously been shown to give accurate measurements of individual food consumption in 
rainbow trout, accounting for over 93% of the food hand-fed to the fish (Carter et al. 1992). 
The average initial body weight of fish in each of the experimental groups are shown in 
Fig. la. ANOVA indicated that there were no significant differences (p<O.OS) in the average 
initial body weight of the replicate groups of individual fish at each salinity and between the 
3 treatments (0, 10 and 20%o). Mean final weight (g) and protein concentrations in white 
muscle in fish at different salinities were not significantly different (Figs. lb & 1c). Mean 
specific growth rate, weight loss, food consumption rates and food conversion ratio were also 
not significantly different (Figs. ld, 1e & lf, respectively). 
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Fig. l. Mean initial wet weight (g) in la, mean final wet weight (g) in lb, protein concentration in white 
muscle in lc, mean specific growth rate and mean weight loss in ld, mean food consumption in le and food 
conversion ratios in lf of fish under different salinity treatments (0, 10 and 20 %o) during the experimental 
period. 
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Fig. 2. Individual specific growth rates for fish in freshwater (O%o) are ranked in descending order 2a and the 
respective rates of food consumption are plotted directly below for each corresponding fish in 2b and similarly 
for food conversion ratios in 2c, respectively. Similarly, SGR for fish in 10%o are shown in 2d and the 
respective FC in 2e and FCR in 2f. 
When specific growth rates for individual fish in each of the three salinity groups 
were ranked in descending order and then compared to their corresponding rate of food 
consumption and food conversion ratios for the same fish, no significant correlation (p> 
0.05) were observed (Figs. 2a, 2b & 2c) for the fish in freshwater (O%o). In addition, there 
were no significant (p>O.OS) correlation (Pearson product moment correlation) between 
food consumption and food conversion ratios (Figs. 2b & 2c) for the fish in freshwater 
(O%o salinity). Significant (Pearson product moment, p<O.OS) negative correlation (Figs. 
2a & 2c) were observed between individual specific growth :rates and food conversion 
ratios for fish in freshwater (0 %o salinity). Similar results and trends were observed for 
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fish reared in 10%o (Figs. 2d, 2e & 2f) and 20%o (Figs. 3a, 3b & 3c) salinities, 
respectively. 
During the starvation (feed deprivation) experiment the weight loss (SGR %. day-1) 
was not significantly different for aU treatments (Figs. 3a, b, c). Here to note that during 
feed deprivation after 7 days over 50% of the fish maintained at 20%o salinity developed 
lesions covering 5-25% of the body. 
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Fig. 3. Individual SGR for fish in 20%o fish (n = 19) are ranked in descending order in 3a and the respective 
rates of FC are plotted directly below for each corresponding fish in 3b and similarly for FCR in 3c, 
respectively. 
The MSM (%) of aU individuals in each group of fish reared under different 
salinities were ranked in descending order and are illustrated in Figs. 4a, 4b & 4c. There 
were no differences observed in feeding hierarchies between the groups of fish reared at 
different salinities; 25% of the fish were dominant (18.29% above an equal share of meal) 
and 30% were subordinate (16.19% below an equal share of meal) and the remainder 45 
%fish fed theoretical share of meal (MSM, 5.26%). The coefficient of variation for wet 
specific food consumption eve(%) and the share of the meal MSM (%)for each fish were 
used to determine social hierarchy strength. The relationship between mean share of 
meal and coefficient of variations for wet specific food consumption for aU replicate 
groups are shown in Figs. 4d, 4e & 4f. In aU the treatment groups there is a negative 
correlation between MSM and eve and both the range of meal sizes and the range of 
individual values for eve were significantly (p<O.OS) different within the group 
indicating the strength of the social hierarchy within the groups. A lower eve value 
indicates that the meal size of the individual fish was similar from day-to-day whilst a 
higher eve value indicates a more varied feed intake. Dominant fish have been shown to 
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have less vanauon in day-to-day food consumption compared to subordinate fish. 
Dominant fish can obtain food on aU feeding occasions; however, subordinate fish are 
often unable to feed due to their low ranking position and only fed when possible, hence 
subordinate fish have tended to show higher eve values. 
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Fig. 4. Mean share of meal (MSM, %) for individual fish (n = 19) in different salinities; O%o in 4a, l0%o shown 
in 4b and 20%o in 4c. The horizontal dashed ( ------) line on each graph represents the theoretical mean share of 
the meal, if all fish were feeding at an equal rate. The relationship between the mean share of meal (MSM, %) 
and the coefficient of variation for wet weight specific food consumption (CV, %) for individual fish (n = 19) 
in different salinities: O%o are shown in 4d, 10%o in 4e and 20%o in 4f. 
Discussion 
Weights and specific growth rates of 0. niloticus reared at 0, 10 and 20 %o increased 
from about= lOg to= 35g over 75 days and there were no significant differences among 
salinity treatments. Similarly, protein concentration in the white muscle was not 
significantly different between salinity groups. Likongwe et al. (1996) reported that a 
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temperature of 28-32 oc and salinity 0-12%o could promote rapid growth of juvenile Nile 
tilapia , but a salinity of 16%o combined with water temperature of 32°C may be 
deleterious because the fish developed body lesions under these conditions (when fish 
were fed at 3% bw/day ration). The results of the present study did not agree with the 
findings of Likongwe et al., (1996) because during the growth experiment no visible sign 
of stress on the fish body when the fish were fed at 2% bw/day ration and reared at 20 
%o. In the present study, only body lesions were observed in fish grown at the highest 
salinity (20%o) after 7 days feed deprivation (starvation experiment) and this was the 
disagreement with Likongwe et al. (1996) as their study reported body lesions were 
observed during the growth experiment. In aU salinities (0, 10 and 20 %o), fish in the 
current study were observed to exhibit aggressive behaviour when feeding and it is 
possible that the 2% bw day·1 ration level was low for the experimental juvenile fish ( 0. 
niloticus). The ration level (2% bw/day) was chosen after consultation of the available 
literature and it was assumed that 2% bw/day ration for one meal (one meal was chosen 
because X-radiography was involved to measure food consumption) would be suitable 
for growth of juvenile Nile tilapia. However, Jauncey (1998) suggested this level may be 
low for optimum growth. 
An increase in food consumption and growth with increasing salinity has been 
reported for several species of fish (De Silva and Perera 1976). Watanabe et al. (1985) 
suggested that feed conversion efficiency increased with increasing temperature and 
higher salinity levels. However, in general increasing temperature and salinity adversely 
affected feed conversion efficiency (Likongwe et aJ. 1996). In the present study, no 
correlation was observed between individual specific growth rates and rates of food 
consumption with increasing salinity but the fish with higher specific growth rates 
showed lower food conversion ratios i.e. SGRs were negatively correlated with FCRs. 
Similar relationships were reported by Watanabe et al. (1993) for juvenile Florida red 
tilapia and their study also suggested that specific growth rate is positively correlated 
with food consumption. 
Average meal size was used as a measure of dominance to assign social rank to 
individual fish. AU fish in each tank were either assigned as being dominant or 
subordinate on the basis of their share of meal. Dominants were all those fish who 
consumed more than the theoretical equal share of meal, and the subordinates were aH 
those below the theoretical mean line. From the results it appears that the social 
hierarchy structure is similar in all treatments. Also, approximately 25% of the fish were 
dominant (18.29% above an equal share of meal) and 30% were subordinate (16.19% 
below an equal share of meal) and the remaining ( 45%) fish were within the theoretical 
mean share of meal (MSM, 5.25%). Similar trends were observed in all treatment groups. 
The fish were hand-fed and the entire ration consumed 2 in minutes or less and it was 
observed that maximum fish showed aggressive behaviour. This may reflect that tilapia 
is aggressive when feeding at low stocking densities (33.3 g/fish/1). Competition amongst 
fish is often found to increase under conditions of resource restriction (space and feed). 
Tilapiine fishes like other animals, form dominance hierarchies in accord with this 
theory and subordinate fish may suffer at the expense of a few dominant individuals. In 
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the present study both the range of meal sizes (MSM) and the range of individual values 
for eve were negatively correlated. Similar negative correlation between MSM and eve 
were observed for fish in the different salinities. 
Although changes in salinity (0, lO and 20%o) did not appear to have a significant 
effect on growth performance of 0. niloticus:J the results reported the complexity of the 
interrelationships of food consumption and growth rate with salinity. Furthermore, the 
study has raised some interesting questions with regard to the effect of ration level and 
stocking density on growth performance of 0. niloticus under different salinities. 
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